In the case of multipurpose techniques some serious drawbacks exist. Filtration techniques produce compression and clumping of biological materials leading to cells touching one another over large segments of their surfaces (see Fig. 7 in Bisalputra et al. 1973 ). This makes the study of cell surface and associated phenomena (i.e. endocytosis and exocytosis) very difficult. An other major difficulty is the formation on filters of multiple layers of cells. These make cyto chemical studies (i.e. localization of enzymatic activities) unreliable due to the heterogeneous exposure to the incubation media of cells occupying different layers. Centrifugation techniques are complicated by the loss of material experienced during the multiple concentration steps required for specimen preparation (Caceci and Herron 1985) . The other major drawback is the care with which the sample must be kept warm during centrifugation to prevent premature solidification of the agar utilized in the embedment of cellular pellets (Hirsh and Fedorko 1968, Whitehouse et al. 1977) .
In this work, we report on the use of bovine serum albumin (BSA) as a novel medium to prepare easy to handle pellets of unicellular organisms for cytological studies. This technique overcomes the problems mentioned above, while significantly reducing the time spent on the preparation of the materials. The procedure has the added advantage of allowing the same sample to be studied by different cytological methods. This makes data interpretation more reproducible and allows for an integrated approach to the study of microorganisms.
Materials and methods
Organisms and culture conditions
The microorganisms used in this study are summarized in Table 1 . The media and the culture conditions used in the growth of marine organisms were similar to those described by Antia and Cheng (1970) and Oliveira and Antia (1984) . Free swimming zoospores of Lam inaria saccharina were obtained as described by Oliveira et al. (1980b) . Growth and culture conditions for freshwater phytoplankters were reported by Vannini et al. (1978) Clumping of biological materials has the added disadvantage of obscuring cell surface details.
To minimize these problems, Palade et al . (1983) recently introduced the use of dextran as a nonosmophilic spacer to increase the distance between cells and prevent sample compression and clumping in materials concentrated by filtration . Figure 2 is a light micrograph of a sample of the marine phytoplankter Amphidinium carterae concentrated by centrifugation in BSA. The cells are well separated from one another revealing no signs of compression and/or clumping. This is confirmed by observation of sections of the yeast Saccharomyces cerevisiae with the electron microscope (Fig. 3) . Important to notice is the fact that BSA embedding does not affect the sectioning and staining properties of the samples. It also produces a clear background that does not interfere with the preservation and observation of cytoplasmic structures (i.e. ribosomes, microtubules) and cellular organelles (i.e. mitochondria, chloroplasts) (Fig. 4) . Another important advantage of this technique is that even fragile, highly vacuolated and thin walled cells, such as those of Amphidinium carterae, show no signs of disruption in preservation (Fig. 4) . This indicates that BSA acts as a non-osmophilic spacer, as well as a shock absorber that minimizes the effects of the centrifugal forces; hence, the occurrence of distortions in cellular materials.
The processing of cells is further complicated by the loss of material experienced with repeated centrifugation during specimen preparation (Caceci and Herron 1985) . This has restricted in the past the utilization of centrifugation to the use of samples of high cellular density (Glauert 1965) or to the introduction of special adaptations to handle samples with lower densities (Caceci and Herron 1985 , Outenreath and Davis 1985 , Hong and Barta 1986 . Most frequently centrifugation of cellular suspensions is conducted in warm agar, obtaining on cooling a gelled pellet that can be subsequently handled as if it is a single block (Hayat 1972) . However, the need to keep the samples warm to prevent premature gelling of the agar requires either properly fitted equipment (Whitehouse et al. 1977) or in its absence makes the whole procedure rather cumbersome. In contrast, the embedding of cells in BSA and subsequent gelling with glutaraldehyde is carried out at room temperature or even at lower temperatures if so required. This simplifies and speeds up the whole procedure by eliminating unnecessary preparative steps and removing temperature constraints. An added advantage is that gel consistency can be controlled by changing the concentration or the time of exposure to glutaraldehyde.
By adjusting the timing of BSA embedding, flexibility can be built into this technique to accommodate a variety of methodological requirements for cytological studies (Fig. 1) . Sam ples of low cellular density can be handled without any difficulty by carrying out the pelleting stage prior to fixation. Under these circumstances glutaraldehyde acts simultaneously as a fixative for biological materials and as a cross-linking agent for BSA. This eliminates the need for special procedures and produces adequate concentrations for cytological observations (Fig. 5) . Figure 6 shows the cytochemical staining of the wall-less microalga Dunaliella tertiolecta with Alcian Blue to visualize the glycocalyx-like cell coat characteristic of these organisms (Oliveira et al. 1980a) . Localization of enzymic activities is also possible with this technique. Figure 7 shows the visualization of peroxidase activity in an unstained cell of Stichococcus bacillaris. Reaction product is found associated with the cell wall, plasma mem- brane and cristae of mitochondria. Incubation in the absence of hydrogen peroxide or treat ment with potassium cyanide eliminates or strongly reduces the deposition of reaction product (not shown). Figure 8 represents a freeze-etching study of a cell of Amphidinium carterae. Important to notice is the ice-crystal free background produced by the BSA medium, a funda mental requisite in freeze-etching studies. The BSA procedure is also amenable to preparation of materials for light microscope histochemistry. Figure 2 shows cells of Amphidinium carterae stained with Toluidine Blue O (Evans and Holligan 1972) . Other histochemical stains, such as Aniline Blue Black (Fisher 1968) and Periodic acid-Schiff's reaction (Feder and O'Brien 1968) , were also used successfully without any interference from the BSA background. In conclusion it can be stated that BSA embedding provides a novel approach for the preparation of unicells for cytological observations and its suitability as a multipurpose tech nique was tested on a large number of different species of microorganisms (Table 1 ). An other important feature is that by subdividing the BSA-block into smaller segments, the same sample can be prepared for light microscopy (Fig. 2) , transmission electron microscopy ( Fig.  3) , freeze-etching (Fig. 8) or any other technique (Fig. 1) . This flexibility makes the correla tion of data from different cytological observations more reproducible and less time consuming, since it avoids duplication of preparative steps.
Summary
Bovine serum albumin (BSA) is used as an embedding medium to produce pellets of unicel lular organisms that can be handled as single blocks during preparation for cytological studies. The microorganisms are suspended in a solution of BSA, concentrated by gentle centrifuga tion and the BSA pellet gelled with glutaraldehyde. Gelling occurs at room temperature and its consistency can be controlled by changing the concentration or the time of exposure to glutaraldehyde. The part of the gelled block containing cellular material is then sliced into smaller portions that can be subjected to different cytological treatments. These make the correlation of data from different cytological observations more reproducible and less time consuming since it avoids duplication of preparative steps. BSA embedding also minimizes compression and clumping of cellular samples; hence, it minimizes artifacts in the preservation of cellular structure. The technique can be used to handle on a routine basis large number of specimens of microorganims for cytological observations. 
